Functional evaluation of a nitrogenase-like protochlorophyllide reductase encoded by the chloroplast DNA of Physcomitrella patens in the cyanobacterium Leptolyngbya boryana.
Dark-operative protochlorophyllide (Pchlide) oxidoreductase (DPOR) is a nitrogenase-like enzyme consisting of the two components, L-protein (a ChlL dimer) and NB-protein (a ChlN-ChlB heterotetramer), to catalyze Pchlide reduction in Chl biosynthesis. While nitrogenase is distributed only among certain prokaryotes, the probable structural genes for DPOR are encoded by chloroplast DNA in lower plants. Here we show functional evaluation of DPOR encoded by chloroplast DNA in a moss Physcomitrella patens by the complementation analysis of the cyanobacterium Leptolyngbya boryana and the heterologous reconstitution of the moss L-protein and the cyanobacterial NB-protein. Two shuttle vectors to overexpress chlL and chlN-chlB from P. patens were introduced into the cyanobacterial chlL- and chlB-lacking mutants, respectively. Both transformants restored the ability to perform Chl biosynthesis in the dark, indicating that the chloroplast-encoded DPOR components form an active complex with the cyanobacterial components. The L-protein of P. patens was purified from the cyanobacterial transformant, and DPOR activity was reconstituted in a heterologous combination with the cyanobacterial NB-protein. The specific activity of the L-protein from P. patens was determined to be 118 nmol min(-1) mg (-1), which is even higher than that of the cyanobacterial L-protein (76 nmol min(-1) mg (-1)). Upon exposure to air, the activity of the L-protein from P. patens decayed with a half-life of 30 s, which was eight times faster than that of the cyanobacterial L-protein (240 s). These results suggested that the chloroplast-encoded L-protein functions as efficiently as the cyanobacterial L-protein but is more oxygen labile than the cyanobacterial L-protein.